The prevalence of childhood steroid-resistant nephrotic syndrome (SRNS) ranges from 35% to 92%. This steroid resistance among Nigerian children also reflects underlying renal histopathology, revealing a rare minimal-change disease and a varying burden of membranoproliferative glomerulonephritis and focal segmental glomerulosclerosis (FSGS). FSGS tends to progress to end-stage kidney disease, which requires dialysis and/or renal transplantation. While knowledge of the molecular basis of NS is evolving, recent data support the role of mutant genes that otherwise maintain the structural and functional composition of the glomerular filtration barrier to account for many monogenic forms of FSGS. With the advent of next-generation sequencing, >39 genes are currently associated with SRNS, and the number is likely to increase in the near future. Monogenic FSGS is primarily resistant to steroids, and this foreknowledge obviates the need for steroids, other immunosuppressive therapy, and renal biopsy. Therefore, a multidisciplinary collaboration among cell biologists, molecular physiologists, geneticists, and clinicians holds prospects of fine-tuning the management of SRNS caused by known mutant genes. This article describes the genetics of NS/SRNS in childhood and also gives a narrative review of the challenges and opportunities for molecular testing among children with SRNS in Nigeria. For these children to benefit from genetic diagnosis, Nigeria must aspire to have and develop the manpower and infrastructure required for medical genetics and genomic medicine, leveraging on her existing experiences in genomic medicine. Concerted efforts can be put in place to increase the number of enrollees in Nigeria's National Health Insurance Scheme (NHIS). The scope of the NHIS can be expanded to cater for the expensive bill of genetic testing within or outside the structure of the National Renal Care Policy proposed by Nigerian nephrologists.
Introduction
Nephrotic syndrome (NS) is the commonest chronic glomerular disease in children characterized by heavy proteinuria.tools, such as electron and immunofluorescence microscopes, weak capacity for renal biopsies, and inadequate reporting of renal diseases. 8 Cumulatively, these challenges make NS undiagnosed, underdiagnosed, and underreported in Africa.
In a broad classification, childhood NS can be secondary, congenital, infantile, and idiopathic. 3 Secondary NS refers to etiology that is not intrinsic to the kidney. 3, 9 The causes of secondary NS include 1) autoimmune and vasculitic diseases, such as Henoch-Schönlein purpura, systemic lupus erythematosus, and antineutrophil cytoplasmic antibody-associated vasculitis, 2) infectious diseases, such as congenital syphilis, malaria, HIV, and hepatitis B and C, 3) malignancy, 4) environmental and drug exposure, such as heroin and mercury, and 5) systemic diseases, such as diabetes mellitus, among many other causes. 3, 9 While congenital NS (CNS) manifests in the first 3 months of life, infantile NS is seen in children from 3 months to 12 months of life. 3, 9 When NS is not congenital, infantile, or secondary, it is said to be idiopathic NS (INS). 3 Variants of INS include membranous nephropathy, membranoproliferative glomerulonephritis (MPGN), C3 glomerulonephritis, IgA nephropathy, and diffuse mesangial proliferation. However, the histological classifications of INS are either minimal change disease (MCD) or focal segmental glomerulosclerosis (FSGS). 3, 10 Under light microscopy, the glomerulus in MCD appears normal; however, electron microscopy reveals effacement of podocyte foot processes. Light microscopy findings in FSGS include segmental destruction of glomerular capillaries and fusion between Bowman's capsule and the sclerosed segments. Electron-microscopy findings are however similar to MCD. 9, 10 Clinically, INS can be classified as a steroid-sensitive NS or steroid-resistant NS (SRNS), as the response to steroids correlates with histological subtype and prognosis. 11, 12 Primary SRNS is lack of remission in proteinuria despite 4 weeks' treatment with prednisolone at a daily dose of 60 mg/ m 2 followed by 40 mg/m 2 on alternate days for 4 weeks. 9, 12 Secondary SRNS refers to the development of steroid resistance in a child with a previous steroid-sensitive disease. 9, 12 Remission in proteinuria is commonly described as 3 consecutive days of zero or trace proteinuria during steroid treatment for NS. 9, 12 In the Western hemisphere, MCD is found on renal biopsy in the vast majority (80%) of preadolescent children with INS. 11, 12 Response to steroids has been reported in 90% of MCD cases and only 30% of FSGS cases. [11] [12] [13] [14] Also, children with FSGS tend to progress to ESKD requiring a renal transplant, with a risk of recurrence of 30%-50% in the first transplanted kidney and a higher risk of recurrence in subsequent renal grafts. 15 In Africa, MCD NS with good treatment outcome to steroids also predominates in temperate regions. [16] [17] [18] [19] In tropical Africa and from the 1960s to 1980s, steroid-resistant non-MCD, including quartan malaria nephropathy, was the dominant renal histopathology type. [20] [21] [22] [23] However, in the years after 1989, proliferative glomerulonephritis, MCD, and FSGS took predominance. 20, [24] [25] [26] In Nigeria, geographical variations put steroid resistance at 35%-92% for children with NS 27-37 and 17.2%-54.8% for children with INS. 32, 35, 37 This steroid resistance parallels the underlying renal histopathology, which reveals a rarity of MCD, but a varying burden of MPGN, focal mesangial proliferative lesion, and FSGS. 27, 32, 34, 37, 38 It would also appear that there is a transition from quartan malaria nephropathy through MPGN to FSGS in Nigeria, 23, 30, [38] [39] [40] a finding that is also consistent with an emerging burden of FSGS among children in Europe, the US, and Asia. [41] [42] [43] [44] [45] While FSGS suggests steroid unresponsiveness, histopathological diagnosis of FSGS is also fraught with the challenge of underdiagnosis from single renal biopsies, because of its focal nature and the small cores of biopsies. 7, 9, [46] [47] [48] In addition, since FSGS has the propensity for deep juxtamedullary glomeruli, FSGS lesions may be missed readily when only cortical glomeruli are biopsied. 7, 9, [46] [47] [48] Larger samples of glomeruli are thus necessary for the histological diagnosis of FSGS. 49, 50 Differential staining patterns for synaptopodin 51 and dystroglycan 52 may also be useful in distinguishing MCD by its response to steroids. 47 Unfortunately, large-scale efforts at studying steroid responsiveness in children with NS have been only among Caucasians. These studies include PodoNet (European descent), 53 NephroS (European descent), 54 NEPTUNE 55 (North America), CHILDNEPH (Canada), 56 and INSIGHT 57 (Canada). It remains arguable that the generalizability of the findings of these studies to African children will be fraught with limitations inherent in the ethnic differences. The proposed Human Heredity and Health (H3) Africa Kidney Disease Research Network (H3A-KDRN) will provide information on a cohort of children with NS from Ghana, Nigeria, Tanzania, South Africa, and Cameroon. 58 The H3A-KDRN will determine if clinical, infectious, and genetic factors account for variability in initial steroid response, steroid resistance, frequent relapse/steroid dependence, and CKD-progression course (over 4 years) in childhood NS. 58 Africa and indeed Nigeria provide a great opportunity to 
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Anigilaje and Olutola study diversities in human genetics by virtue of their widely varied population, climate, diet, and exposure to infectious diseases. 59 While the H3A-KDRN findings are being awaited, this paper seeks to review the prospects of having the capacity for genetic testing as part of a standard of care in the management of NS/SRNS in Nigerian children. Based on the existing resource-constrained health-care system in Nigeria, this article gives a narrative review of the challenges against the prospects of genetic testing, and also highlights the opportunities available for genetic testing for the management of SRNS among Nigerian children. The article will be valuable to all clinicians caring for children with NS/SRNS in developing countries who may be having similar challenges and opportunities for genomic medicine as exist in Nigeria.
Focal segmental glomerulosclerosis and steroid-resistant nephrotic syndrome
FSGS is the most common cause of SRNS and a significant cause of ESRD. 3, 47, 48, 60 FSGS ensues from podocyte injury by many pathogenic mechanisms that result in loss of selectivity of the glomerular filtration barrier (GFB). 47, 48 These underlying pathogenic mechanisms have also been used in its classification. 47, 48 FSGS is classified into primary (idiopathic) and secondary forms. 48, 61 The secondary forms include 1) virusassociated forms (HIV1, cytomegalovirus, parvovirus B19, and Epstein-Barr virus, and other parasites, including Plasmodium, Schistosoma mansoni and filariasis), 62, 63 2) drug-induced forms (IFNα, -β, or -γ therapy, bisphosphonates, lithium, heroin, sirolimus, doxorubicin, and daunomycin), [64] [65] [66] [67] [68] 3) forms mediated by adaptive structural-functional responses (ie, conditions associated with increased total kidney glomerular filtration rate like congenital cyanotic heart disease, sickle-cell anemia, obesity, androgen abuse, sleep apnea, and high-protein diet, and conditions associated with reduced renal mass, including prematurity and/or small for gestation age, renal anomalies, reflux nephropathy, and acute kidney injury), [69] [70] [71] [72] [73] [74] and 4) familial/genetic forms. 48, 61 The primary/idiopathic form is a diagnosis of exclusion after ruling out secondary forms of FSGS. The pathogenesis of primary FSGS probably involves a circulating factor. [75] [76] [77] [78] [79] While it is unclear what may be the circulating factor, possible candidates include CLCF1, ApoA1 b (an isoform of ApoA1), anti-CD40 antibody, and suPAR. [75] [76] [77] [78] [79] Widespread foot-process effacement on electron microscopy characterizes podocyte injury in primary FSGS, and it is commonly associated with nephrotic-range proteinuria (sometimes massive), reduced plasma albumin levels, and hyperlipidemia. 47, 80 Primary FSGS also tends to respond to immunosuppressive treatment. 80 Electron-microscopy features of podocytopathy in adaptive FSGS are segmental effacement of foot processes, and present clinically with normal serum albumin. 47, 80, 81 The management of secondary FSGS requires the elimination of the causative agent, reducing hemodynamic pressure on glomeruli (eg, weight loss), and instituting antiproteinuric strategies. 80 Since the discovery of mutations in nephrin (NPHS1) by Kestilä et al in 1998 as the cause of podocyte dysfunction in CNS, 81 over 36 other genes have been described for genetic FSGS. 83, 84 The term "genetic FSGS" has been coined based on the discovery of genes that if mutated can cause monogenic forms of FSGS in humans. 84 While details of genetic FSGS will be discussed subsequently in the next section, it is important to introduce Apol1, which is emerging as a peculiar form of primary FSGS in populations of African descent. 47, 85, 86 Apol1 FSGS progresses more rapidly to ESRD, but also has the prospect of having therapy targeted at Apol1 variant-driven molecular pathways.
85,86

Clinical implications of genetic forms of nephrotic syndrome
Researchers over the years have enhanced efforts at finding ways of predicting steroid responsiveness in individuals with NS. [87] [88] [89] This knowledge will enable clinicians to spare children that do not respond to steroids, unwarranted side effects of steroids, and at the same time provide a timely alternative management plan to include the use of second-line immunosuppressive agents. [87] [88] [89] It will also obviate the need for renal biopsy and enable clinicians to prioritize early renal transplantation for children that do not respond to immunosuppressive therapies. [87] [88] [89] There is a low risk of disease reoccurrence posttransplant when a genetic aetiology has been confirmed. 90 On the other hand, the risk of post-transplant disease is high in idiopathic NS as the circulating factors settle and damage the new allograft. 90 While living related transplant donors may be acceptable in recessive mutations, it excludes these donors in cases of dominant mutations. 89 Carriers of WT1 mutations are monitored closely for Wilms tumor and gonadoblastoma. 89 Familial genetic counseling advocates for prenatal diagnosis in autosomal-dominant patients of childbearing age. 89 Interestingly, concerted research efforts have so far identified some noninvasive biomarkers of SRNS. These biomarkers include some elevated urinary factors (suPAR, urinary CD80) and some elevated serum factors (DBP, prealbumin, NGAL, fetuin A, and α 2 macroglobulin). 88, 89, [91] [92] [93] [94] [95] International Journal of Nephrology and Renovascular Disease 2019:12 submit your manuscript | www.dovepress.com
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Anigilaje and Olutola However, limitations in the clinical application of SRNS biomarkers include unavailability of these biomarkers in most laboratories, requirement for longitudinal studies to establish its validity as a noninvasive predictor of steroid unresponsiveness, 88, 89 and lack of specificity of some biomarkers (urinary fetuin A and NGAL) requiring that the SRNS to be of longstanding duration to cause proximal tubular megalin dysfunction (megalin endocytosis reabsorbs these filtered proteins back into the bloodstream). 96, 97 In addition, studies that identified these biomarkers were not powered sufficiently in their sample sizes and were not multicenter studies. 88 This limits the generalizability of the clinical usefulness of these biomarkers.
88,91
Genetics of nephrotic syndrome
From the discovery in 1998 of mutations in nephrin (NPHS1) among a subset of CNS, 82 many other mutations affecting genes that affect the integrity of the GFB have been found to account for many secondary genetic forms of FSGS. 83, 84 With newer sequencing techniques, over 36 genes are currently associated with SRNS, 84, [98] [99] [100] [101] [102] [103] [104] with great prospects for new discoveries.
The GFB is made up of three layers that functionally prevent plasma proteins from passing into the urine. These layers are the endothelium, glomerular basement membrane, and visceral epithelial cells, also known as podocytes. 84, 105 Podocytes are highly differentiated neuron-like cells made up of a cell body, with primary, secondary, and tertiary cellular processes that wrap around the capillaries, leaving slits between them 83, 84 ( Figure 1 ). 84 The integrity of the GFB is lost in NS, and the identification of single-gene causes of SRNS has revealed proteins, each of which is an indispensable component of glomerular function, with consequent proteinuria and FSGS. 105 However, studies of familial NS/FSGS found that virtually all the gene mutations causing NS/FSGS were localized to podocytes in hereditary SRNS. [106] [107] [108] [109] [110] [111] [112] This 
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Anigilaje and Olutola gave rise to the concept of podocytopathy being the underlying pathology in most cases of NS, especially FSGS. 113 The known podocyte genes do not explain >20%-30% of hereditary NS; however, they do explain 57%-100% of familial and infant-onset NS compared with 10%-20% of sporadic cases. 83 Mutations affect both functional and structural proteins that are involved in several vital pathways including those involved in slit diaphragm structure and function, podocyte actin cytoskeletal organization, co-enzyme Q biosynthesis, lysosomal pathways, and adhesion to the GBM. (Figure 1 ). 84 Genes responsible for SRNS/genetic FSGS are also inherited in autosomal-recessive and -dominant fashion and are either isolated disorders or a component of a multisystem genetic disorder (see Table 1 for the list of autosomal and determinant genes). 84 The main mutations causing autosomal-recessive NS are in nephrin (NPHS1), podocin (NPHS2), and PLCE1, while the main autosomal-dominant NS mutations include those in INF2, TRPC6, WT1, and ACTN4.
14 Genetic risk factors of MYH9 and APOL1 (associated with pathological features of FSGS in African-Americans) are increasingly being found to be similar to those of FSGS and complex inheritance patterns of FSGS. 114, 115 In recessive mutations, presentation occurs in childhood, history of NS is often negative, parents of index patients are mostly healthy heterozygous carriers, and there is no ancestral history of the disease. 104 However, in dominant disease, it occurs in adulthood, one of the parents of the index patient is most probably affected, and the disease may have been passed on from generation to generation (with the exception of spontaneous mutations or incomplete penetration).
104 Dominant mutations also have important clinical implications, as disease-causing mutations in the related donor have to be excluded before acceptance for planned living related donor kidney transplantation, as SRNS just may not yet have manifested. 84 
Approach to genetic testing in steroid-resistant nephrotic syndrome
Gbadegesin et al 14 suggested pertinent questions that warrant answering before a genetic test is requested for. Will this result assist in establishing the diagnosis? Will the test result modify the patient's treatment or improve prognosis? Will the test result provide information to predict risk among other family members? Within the context of monogenic SRNS, the answers to these questions are "Yes".
To answer the first question, about 53 monogenic genes have already been identified as being responsible for SRNS/ FSGS. 86, [98] [99] [100] [101] [102] [103] [104] In addition, certain phenotypic characteristics like age of onset of disease also exist that can suggest the type of mutations in individuals with SRNS. 98, 116 Early-childhood onset of disease is associated with mutations in the recessive genes NPHS1, LAMB2, or PLCE1, whereas others, such as NPHS2, cause onset in later childhood. 98, 116 With the exception of WT1, mutations in dominant SRNS genes (ACTN4, TRPC6, INF2, ANLN, and ARHGAP24) cause adult-onset SRNS. 98 In "multiple allelism" (ie, within the same gene, specific mutations may determine a range for age of onset of SRNS that is dependent on the specific mutation), R138Q NPHS2 mutations cause onset in early childhood, 117, 118 whereas the mutation R229Q in compound heterozygosity with specific second mutations causes adult-onset SRNS. 119 Even when genetic testing can be expensive, the result of genetic testing in SRNS alters the management of the patient or better informs a discussion of likely outcomes and prognosis. First, immunosuppressive therapy can be avoided in some patients who will not benefit from it, likewise renal biopsy. Treatment with coenzyme Q10 may be indicated for children with gene mutations of coenzyme Q10 biosynthesis (COQ2, COQ6, ADCK4, or PDSS2). Likewise, steroids or cyclosporine A may benefit patients with recessive mutations in PLCE1, 104, 120 and cyclosporine A can also induce steroid responsiveness in some individuals with NPHS1 and NPHS2 mutations. 121 Second, while the recurrence rate of FSGS in familial/idiopathic SRNS is reported to be ~30% (as high as 75% in those who progress to ESRD in 3 years). 122, 123 Contrariwise, an estimated 0-2.5% recur after renal transplantation, making recurrence rare in genetic forms of FSGS. This encourages an earlier plan for renal transplantation, with the assurance that recurrence of FSGS in the posttransplanted kidney is rare. [124] [125] [126] [127] Third, selection of donors for patients with genetic FSGS among family members will require careful screening considering the risks of the donor. In fact, studies have reported cases of FSGS in the remaining kidney among donors after organ donation. 128 Depending on the Mendelian mode of inheritance as either a recessive or dominant gene, the index patient with SRNS can be a predictor of risk in other family members as enumerated previously. 
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However, it is equally important to highlight the limitations of genetic testing for SRNS. Only a small proportion of genetic tests (<2%) for NS are likely to identify a clinically relevant mutation.
14 Considering the costs, genetic testing for SRNS requires proper selection.
14 Likewise, a negative test does not exclude the diagnosis, as many cases of genetic NS or FSGS are heterogeneous in nature.
14 Besides, most of the genetic testing has been among non-African children, 83, [98] [99] [100] [101] [102] [103] [104] where allelic variations may occur. 128 The currently known genes associated with SRNS account for only 20%-30% of hereditary and 10%-20% of sporadic cases. 128 It is suggested that ethnicity plays a role in the differences in disease burden across countries, but differences among response to steroids and other treatment modalities among specific ethnic groups are not well understood. 128 Hitherto, Lovric et al 104 have suggested genetic testing for children with SRNS/FSGS <25 years of age, as there is a higher probability of detecting a mutant gene for steroid unresponsiveness. However, going by the comprehensive study of Santin et al among patients with NS, family history of NS and early-onset disease were the risk factors associated with mutations. 129 Although no consensus exists, the current evidence provided by Santin et al and other epidemiological data, an appropriate, simple, costeffective, and informed approach to genetic testing for SRNS-related mutations can be determined on the basis of current evidence in scenarios with 1) family history of SRNS, 2) congenital or infantile onset (<1 year) of SRNS, 3) onset of SRNS before 25 years of age, 4) lack of response to immunosuppressive drugs, 5) histological findings of idiopathic FSGS or diffuse mesangial sclerosis, 6) syndromic manifestations, 7) impaired renal function or renal failure, and 8) certain ethnic groups. 14, 130, 131 
Clinical testing vs research-based testing
Clinical genetic testing refers to determining the mutations responsible for a monogenic disease. This can only be conducted by a certified clinical genetic testing laboratory that issues results for clinical decision-making (eg, Clinical Laboratory Improvement Amendments certification). 104 However, research laboratories continue to remain relevant, as they are needed to continue to discover unidentified rare and novel monogenic genes. Even when they have the capacity to identify disease-causing mutations, research laboratories cannot provide results with clinical judgment, except when such results are subjected to Clinical Laboratory Improvement Amendments certification.
104
Gene panels
Gene-panel analysis (GPA) is currently the most advantageous approach in terms of cost and efficacy for mutation detections. 98, 132, 133 In GPA, known exon primers that identify mutations are utilized. 104 Panels with gene sequences of disorders are utilized. 104 Sanger sequencing is used. 84 The advantages of GPA are in its cheapness, fastness, and the fact that positive results can be interpreted easily without extensive bioinformatics. 104 However, a negative result may not indicate a lack of mutations, as mutations may exist in noncoding regions of the genes or mutations in new genes.
104
Whole-exome sequencing
Whole-exome sequencing (WES) involves the use of an advanced technology of "next-generation sequencing" to sequence the whole human exome. 103, 134 This technology will likely decrease the need for GPA and become the preferred approach in the future. 14 The major advantage of WES is that it has a higher yield, as its results are restricted to candidate genes and it can also detect mutations in novel genes.
14 The latter further expands the body of knowledge on the genetic basis of NS and therapeutic targets.
14 Currently, the use of WES is limited to research laboratories, and results require robust bioinformatic support for interpretation.
14 In addition, WES may inadvertently detect mutations that are irrelevant to the disease under investigation. 
Whole-genome sequencing
Whole-genome sequencing (WGS) sequences the entire genome utilizing parallel DNA-enrichment technology including noncoding and highly variable segments. 14, 104 WGS is the most extensive sequencing technique and is very expensive. 104 In monogenic disease, mutations outside the exons bear no direct role in protein synthesis; WGS may thus appear to have no comparative advantage over WES. 104 However, WGS also identifies promotor and deep intronic mutations relating to protein expression and RNA splicing and is useful in monogenetic disease caused by mutations occurring outside the exons. 137 For example, in Frasier syndrome where mutations exist in the KTS (Splice insertion) site of the WT1 gene, (not in the exons per se), causing a defective WT1 protein structure. 
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Anigilaje and Olutola mission risks of a trait, and modalities to manage the condition or its transmission. Counselors are required to possess the skills to communicate in a neutral, nondirective manner and support the individual and family to cope with decisions made. 137, 138 Genetic counseling includes the services of a genetic counselor, geneticist, and cell biologist or molecular physiologist that work in a clinical research laboratory. 137, 138 While a pediatric nephrologist can serve the role of a genetic counselor, it must be noted that their role is not to advise or recommend, but to provide information and support for the patient/family members to decide.
In the context of SRNS, the first step is to establish the diagnosis of SRNS as defined previously. 9, 21 This is the most crucial step in any genetic consultation. It will include comprehensive history-taking, obtaining a detailed family history that lists the patient's relatives (including abortions, stillbirths, and deceased persons) with their sex, age, and state of health, up to and including third-degree relatives. It involves gathering information on prenatal, pregnancy, and delivery histories. The counselor should know about the latest available genetic information concerning SRNS, and there should be an avenue for communicating the latest information on SRNS. A thorough physical examination of the affected individual should be conducted. All this information will dictate the type of genetic testing that will be requested for the patient. The counseling sessions must include education on the specific genetic mutation, knowledge on the diagnosis of the particular condition, the natural history of the condition, the genetic aspects of the condition, the risk of recurrence and prevention, therapies, and referral. It will include calculating, qualifying, and quantifying the risk of the SRNS in proper context. Knowledge of the known genes for SRNS will guide in counseling about the age of onset and its mode of inheritance.
A satisfactory counseling session must have answered the possible envisaged genetic mutation, the possible etiology or inheritance pattern, the natural history of the genetic mutation, the best mode of therapy available, the mode of inheritance of the disorder, and the risk of developing and/ or transmitting it. The technique of genetic counseling also entails presenting the information clearly in a sympathetic and appropriate manner. Counselors are expected to listen patiently and be receptive to patients' and caregivers' perspectives on issues carefully, being receptive to the fears and aspirations of the family. The environment should be comfortable for the patient, offer confidentiality, and be at a time that allows for detailed uninterrupted discussions.
Communication should be in simple terms and medical terms should be avoided, and if necessary should be well explained. All questions should be honestly and exhaustively addressed.
Steroid-resistant nephrotic syndrome among Nigerian children
Although a lot of studies have been done on NS in Nigerian children, very few have actually reported on their responsiveness to steroid therapy. Nevertheless, geographical variations put steroid resistance at 35%-92% for children with NS 24, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] and 17.2%-54.8% for children with INS. 32, 35, 37 These rates of steroid resistance also parallel the underlying histopathology, which reveals a rarity of MCD, but studies have reported MPGN in northwest Nigeria, 27 focal mesangial proliferative lesion in north-central Nigeria, 34 and FSGS in south-south 32 and southwest Nigeria.
37,38
In fact, it would appear that there is a transition from quartan malaria glomerulopathy through MPGN to FSGS in southwest Nigeria, 23, 30, 38 a finding also consistent with an emerging burden of FSGS among children in Europe, the US, Asia, and South Africa. [41] [42] [43] [44] [45] There is little information on childhood NS in northeast Nigeria, a finding that also signifies a dearth of pediatric nephrologists in that geopolitical region of Nigeria. See Figure 2 for the 6 geopolitical zones in Nigeria.
Although the lack of electron and immunofluorescence microscopes may have contributed to the rarity of MCD and MPGN, respectively, improvements in the National Malaria Control Programme and increased accessibility to vaccines against viral hepatitis B could also account for the decline in secondary NS and the propensity to have nonminimal (ie, FSGS) disease outcome. 34, 37, 38 Going by the recent publication of Pelletier et al, 141 which studied the risks of recurrence of NS following kidney transplantation, it can also be extrapolated that the majority of Nigerian children with FSGS as an underlying histopathological finding may also fare better than those with MCD. Pelletier et al reported that the rate of recurrence in the initial native kidney was 76% among children with MCD, 40% among FSGS, and 0 in patients with monogenic NS. 141 Although few Nigerian studies [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] have mentioned whether steroid resistance is primary or secondary, the unadjusted logistic regression of Pelletier et al revealed that initial steroid responsiveness was associated with higher odds of recurrence in renal grafts. The challenges of Nigerian children with NS and/or SRNS are enormous. 34, 37 There are problems of lack of funding for diagnosis, lack of resources for frequent hospitalizations from complications of SRNS and steroid therapy, 
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Parents and/or caregivers often cannot sustain the management of these children for a long period. 34, 37 Eventually, frustration, despair, and despondency set in, which often make parents seek alternative medicines, including herbal concoctions and other traditional modes of treatment. 34, 37 Nephrotic children are soon lost to follow-up, with a majority progressing to ESKD because of continuous exposure of kidneys to uncontrolled nephrotoxic proteinuria. 34, 37 A good preventive approach to SRNS in Nigeria would be first to document the prevalence and pattern of SRNS. Unfortunately, like other CKDs, this has been hampered by a dearth of epidemiological studies, poor definitions of what SRNS is, and the lack of a renal registry. 142 While efforts at controlling glomerular diseases from infectious agents like hepatitis B and C, malaria, and syphilis are yielding positive results among children in Nigeria, 34, 37, 38 these children are still at risk of INS. 20 In light of the foregoing prospective, well-structured, highly powered epidemiological and genetic studies are in dire need in dire Nigeria to describe the pattern of NS in these children, who will be unresponsive to steroids. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Hopefully, the H3A-KDRN will be able to answer these research questions in Nigeria and other African countries.
58
Challenges and opportunities for genetic investigation of childhood nephrotic syndrome in Nigeria
The challenges facing genetic investigations for NS/SRNS in Nigeria can be captured under two main prongs. The first is inadequate human resources, and the second is inadequate financial resources
Inadequate human resources
This presupposes that there is accurate information about the diagnosis of childhood NS and/or SRNS that may be needing genetic counseling and genetic testing. There lies the first challenge, as many cases of NS are probably missed because of lack of capacity to diagnose NS/SRNS in the first place.
The current population of Nigeria in 2018 is about 182 million (projected from a 3.5% growth rate from the 2006 census), 143 and the country has about 72,000 medical doctors registered with the Medical and Dental Council of Nigeria, among which about half (~40,000 doctors) are practicing in Nigeria. 144 This gives an approximate unacceptable physician:patient ratio of 1:2,500, as against the World Health Organization's recommendation of 1:600. 144 Nigeria has about 400 (adult and pediatric) nephrologists, giving an approximate 0.6 nephrologists per million population. 145, 146 In general and in actual fact, all the potential threats to the nephrology workforce recognized earlier by Sharif et al 145 are also applicable to Nigeria's setting. These threats include but are not limited to declining interest in postgraduate nephrology training among doctors, the rising costs of medical education and specialist training, an aging workforce, and increasing incidence and prevalence of CKD and ESKD. 145 This ugly fact of inadequate manpower needed to diagnose and manage renal diseases in Nigeria (including NS/ SRNS) is compounded by a system that loses its trained hands to "brain drain" as doctors migrate to North America and Europe. [147] [148] [149] According to the UK General Medical Council database, the numbers of Nigerian doctors settling in the UK doubled in 2016 compared to 2006, with over 5,000 registered to practice in the UK. 147 A recent poll in 2018 revealed that the majority of Nigerian doctors (88%) were seeking to emigrate. 147 This cut across all cadres of doctors, including junior, midlevel, and senior doctors in all institutions. The same survey revealed the reasons for the continuous brain drain to include high taxes and deduction from salary (98%), low work satisfaction (92%), poor salaries and emoluments (91%), and the huge knowledge gap that exists in medical practice abroad (47%). 147 The few available doctors in Nigeria are also maldistributed, and the referral system is at most inefficient. To illustrate this, a recent survey observed that the northeast region of Nigeria had only one pediatrician for every 700,000 children. 150 The concern about the quality of care children with NS are receiving in Nigeria was made manifest by a recent publication that revealed that the management of SRNS was significantly different from best-available evidence. 151 From a study questionnaire administered to heads of pediatric nephrology units, it was found that remarkable variations existed in the dose duration of steroids used for NS across many centers. In addition, 12% rarely requested a kidney biopsy for SRNS. 49 Therefore, if challenges remain in the diagnosis and treatment of SRNS, it is plausible that knowledge on the genetics of NS (and the need for genetic investigations in SRNS) will be nonexistent. So far, only one attempt has been made at genetic evaluation among Nigerian children with NS. 152 In that study, reported by Anochie et al in Port-Harcourt, southern Nigeria, two siblings with familial FSGS were genetically investigated. 152 The two siblings -a 4-year-old male and a 
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Anigilaje and Olutola 15-year-old female -were from a nonconsanguineous family with renal biopsy-confirmed FSGS who presented with NS. 152 The mutational analysis performed on the family by sequencing both exons of NPHS2, WT1, and APOL1 showed an absence of common mutations in these genes in the two children. The sequencing analysis was also done outside Nigeria. While the sample was small, the authors suggested that there may be different and unidentified gene mutations responsible for FSGS in indigenous African children. 152 Nigeria lacks the manpower and infrastructure for medical genetics. 153 Patients with these disorders are largely managed by pediatricians who may be interested in medical genetics, but who have not received formal professional training in genetics. Training opportunities for medical genetics are unavailable within Nigeria. While a few facilities can conduct DNA extraction and even fewer with capacity for sequencing, most genetic studies are conducted outside Nigeria. 153 Nigeria still lacks a functioning renal registry. 154 This is partly due to inadequate knowledge and skills for documenting the array of KDs and also to the lack of capacity for renal histopathology and its interpretation. The flawed renal data occasioned by different epidemiological and technical differences in describing renal diseases and pathologies among the available data sources may also explain the lack of a renal registry in Nigeria. Also in Nigeria, like in many developing countries, the focus of most governments is still on infectious diseases, as the lack of data on renal burden fails to convince governments of a paradigm shift toward allocating sufficient funding for prevention and care of renal diseases.
Inadequate financial resources
Genetic testing for NS is not cheap, and health financing in Nigeria is still largely by patients paying out of pocket. For example, only 3.7% of gross domestic product was attributed to health expenditure in 2014, and only 0.9% of that 
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Anigilaje and Olutola was public-sector funding. 155 The need to pay out of pocket should also be interpreted against the fact that the minimum wage for Nigerians is ₦18,000 per month (since 2011), up from ₦5,500 per month in 2004. 156 This ₦18,000 (ie, US$50 at a conversion rate of ₦360 naira to $1) translates to $1.6 per day, and about 152 million Nigerians live on <$2 a day, representing about 80% of the country's population, according to the African Development Bank in 2018. 157 Genetic testing is not cheap. It costs $600-$3,500 to sequence 26-30 SRNS genes. 104 This is however expected to reduce, as WES becomes more applicable with the discovery of more genes. 14, 84 Even in developed economies, insurance coverage for genetic testing in NS is not universal.
14 Not all insurers currently reimburse for genetic testing in NS, as this is not yet considered the standard of care.
14 Therefore, if developed countries are still finding it difficult to pay for genetic testing, it remains a bigger challenge for Nigeria, whose health system is currently being underfunded.
Although a national health-insurance scheme (NHIS) was launched in 2005, 158 participation is still not mandatory and has very low coverage (<10%). Therefore, most health expenses are borne out of pocket. For renal diseases, NHIS covers only six sessions of acute hemodialysis among its enrollees. 158 Also, Nigeria enacted the National Health Act on October 31, 2014 to set standards for health-care delivery. 160 This act did not offer much attention to renal care. As such, thus far neither the NHIS nor the act have directly addressed the care of renal diseases, not to mention emerging genetic services or genomic medicine of the 21st century.
Strengths and opportunities
In Nigeria, a well-designed, highly powered prospective study is needed to document the genetic predisposition to SRNS involving clinical, electron-microscopy, and immunofluorescence histopathology of SRNS among ethnically black sub-Saharan children. It will allow for baseline data with which comparisons of genetic mutations and varying alleles of those genetic mutations can be made with children of other races. Hopefully, the H3A-KDRN will be able to answer these research questions among Nigerian children with NS/ SRNS. 58 If a high burden of genetic mutation is demonstrated for Nigerian children with SRNS, it will argue for the inclusion of genetic investigation as the standard of care for these children and for inclusion of its cost as a mandatory part of renal care under the proposed Nigerian Renal Care Policy (NRCP), discussed subsequently.
In Nigeria, the practice of medical genetics may be rudimentary, but it is not in a state of nothingness. 153 The first clinical and cytogenetic outfit was set up in the early 1970s in Ibadan, Nigeria. 153 The unit offered clinical and research studies on chromosomal trisomies and other dysmorphic disorders. [160] [161] [162] [163] [164] As such, medical reports of genetic studies were already available in Nigeria in the early 1970s. In those early days, case reports of genetic disorders were published. 165 , 166 Adeyokunnu reported the incidence of trisomy 21 as one in 865 live births. 161, 167 Nigeria also has immense experience accrued from the medical genetics of sicklecell disease (SCD). SCD is a common genetic disorder of hemoglobin synthesis that affects 2%-3% of newborns. 154 Up to 22%-25% of the population has the trait. [168] [169] [170] [171] [172] Most secondary health facilities screen for SCD by hemoglobin electrophoresis at 9 months. 173 In a few health centers, capacity also exists for HPLC for screening newborns for SCD. 153 Most knowledge of medical genetics by Nigerian health workers is clinically demonstrable by their ability to explain the genetics of SCD and their ability to provide genetic counseling for couples seeking to get married. Their understanding of genetics can also be seen in their proficiency in explaining the risk of having SCD in offspring of couples with sickle-cell traits. Presently, a prenatal diagnosis of SCD is also available at the Sickle Cell Center in Lagos, Nigeria.
153
The Sickle Cell Foundation of Nigeria also has the capacity to perform PCR-restriction-fragment length polymorphism analysis for the sickle-cell mutation. 153 There is also experience in molecular genetics in complex metabolic disorders, such as hypertension, obesity, and diabetes, going back to the 1990s. [174] [175] [176] [177] [178] [179] [180] [181] [182] [183] [184] [185] [186] [187] Nigerians were also included in population testing for genetic risk factors for malaria and genetic disorders of orofacial clefts, congenital deafness, and congenital heart defects. [189] [190] [191] [192] [193] [194] [195] Nigerian clinicians are also participating in the National Human Genome Research Institute Atlas of Human Malformation Syndromes in Diverse Populations. 196, 197 The H3A-KDRN is jointly funded by the National Institutes of Health and the Wellcome Trust and has invested in several major grants to African investigators for genomic research, capacity building, and improving infrastructure for genome research in Africa. 198 The H3A-KDRN seeks to determine the association of APOL1 variants with different rates of CKD in many African settings, including Nigeria, and potential environmental interaction. It will also incorporate causative genetic studies among familial SRNS children aged 15 years and above. 199 The present proposal seeks to study a 
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Anigilaje and Olutola wider age-range of children (1-18 years) with nonsyndromic familial or sporadic steroid-resistant INS in an ethnically diverse young population in Nigeria.
From the foregoing, it is apparent that Nigeria is not a novice in the field of human genetics and genomic medicine. Lessons learned from earlier experiences can be brought to bear in developing the much-needed infrastructure for genomic medicine (genetic and molecular laboratories for genotyping, sequencing, and bioinformatics) and in building the necessary manpower (genetic counselors, geneticists, cell biologists, and molecular physiologists) required for genetic investigation of SRNS among Nigerian children.
Ultimately, for children with ESKD from SRNS requiring renal transplantation, opportunities already exist for renal transplantation in Nigeria. 201 In 2000, St Nicholas Hospital, a private hospital in Lagos, performed the first kidney transplant in Nigeria. 201 Since then, more Nigerian hospitals have transplanted kidneys with Obafemi Awolowo University Teaching Hospital Complex, Ife, Osun state in 2002 being the first among public tertiary health institutions to perform renal transplantation. 200, 201 The hospital complex also has a standard immunology laboratory for proper human leukocyte-antigen typing and tissue cross-matching. 201 Apart from the challenges of cost and infrastructure, other issues relating to organ donation are being taken care of under the National Health Act of 2014. 159 The act deals with the illegality of harvesting tissues or organs from a person who cannot give consent or taking tissue from someone aged <18 years. 159, 200 The act recognizes that transplantation must be carried out in an authorized hospital with full written authorization of the head of the hospital. 159 In 2005, the Nigerian Association of Nephrology proposed the NRCP. 202 The structure of the NRCP included defining and establishing renal care centers, preventive nephrology, funding of renal care, monitoring and evaluation, establishment of a National Kidney Institute, establishment of the renal registry, legislation on an organ-procurement and -transplant program, and developing a robust relationship among states, localgovernment councils, and federal authorities. 202 Specifically, the NRCP has not as yet made provision for the financing of medical genetics or genomic medicine related to renal diseases in Nigeria. Genomic medicine can be incorporated in the structure of the renal care centers, starting from the tertiary teaching hospitals. The manpower required for genetic analysis can also be developed within the same framework.
An opportunity also exists to expand the scope of the NHIS to cover the exorbitant price of genetic testing within the framework of funding for CKDs, including childhood NS. Another strategy will include advocacy to the Nigerian government to make concerted efforts in stemming the tide of the so-called brain drain by addressing the reasons for the needless emigration of Nigerian doctors, as discussed previously. Nigeria also needs to train more medical doctors to meet the demands of her teeming population. Training and retraining in pediatric nephrology can begin to be the focus of continuing medical education by the Nigerian Medical Council. The capacity to recognize childhood NS and the capacity to know when to refer cases of SRNS to tertiary health centers cannot be overemphasized. Creating and maintaining a registry of children with KD as a composite part of the national renal registry is also much needed.
Conclusion
Nigeria has more than over 500 indigenous ethnic groups, 203 thus bolstering the out-of-Africa theory that posits that humans evolved in Africa. 204, 205 Nigeria presents potential genetic variations in genetic causes of NS/SRNS. With prevalence rates of renal diseases among Nigerian children on hospital admission ranging from 1.1% to 4.5%, NS is also the commonest renal disorder. 28, 36, [206] [207] [208] [209] With emerging evidence that monogenic FSGS/NS has zero risk of recurrence, 141 knowing the genetic diagnosis of SRNS is expected to revolutionize the approach to the management of SRNS in childhood. Therefore, the diagnosis of genetic NS will obviate the need for renal biopsy and the unwarranted exposure to immunosuppressive therapy and its attendant complications. Nigeria can leverage its existing experience in genomic medicine to start to include genetic testing for SRNS as part of a standard of care. The NHIS scope can be expanded to include paying for the expensive bill of genetic testing within the structure of the proposed NRCP. The NRCP, while still a "roaring tiger on paper", is bound to improve the care of Nigerians with renal diseases once the policy is put to practical use. As Nigerian nephrologists forge ahead in advocacy for implementation of the NRCP, with expected goodwill from the political establishment, the comprehensive care package contained in the NRCP will soon start to save millions of Nigerians with renal disorders. As the request for genetic testing expands, clinicians will be willing to undergo subspecialty training in human genetics and genomic medicine. As more funding opportunities become available for new research projects, training of manpower and infrastructural development would also become progressively
